Brine-salted Mozzarella cheese sometimes develops a soft, wet surface during storage, and the objective of this study was to compare distributions of salt and moisture in two surface types of cheese blocks. Seven 9.1-kg blocks of Mozzarella with soft, wet surfaces and 5 9.1-kg blocks with firm, dry surfaces were obtained from five different cheese companies. Moisture and salt distributions were determined using a sampling plan that provided three concentric samples at different depths within each of three crosssectional slices from the end of the block and three slices from the middle. Salt distributions in cheeses with soft, wet surfaces were similar to those in cheese with firm, dry surfaces; salt content increased from center to surface and was higher at the ends of the block. In contrast, moisture distribution differed markedly. The moisture content decreased from center to surface in blocks with firm, dry surfaces, but the pattern was the reverse in blocks with soft, wet surfaces, which also had higher moisture contents at the ends of the block. The data are consistent with the hypothesis that the temperature differential, which develops during exposure of the warm cheese to cold brine and then dissipates slowly during postbrine cooling, is important in the development of soft surface defect. 
INTRODUCTION
Low moisture Mozzarella cheese sometimes develops a soft, pasty, and-in extreme cases-wet surface during aging, even when the interior of such cheese remains firm and dry ( 3 1. The defective block is difficult to shred, and the shredded cheese has poor appearance attributes (e.g. , rough edges, irregular geometry, and excessively gummy fines) and is prone to matting and clumping. Ideally, shredded Mozzarella cheese should remain free-flowing, resist compacting, and have clean edges and uniform geometry with minimal fines ( 4 ) .
During the past decade, we have received numerous anecdotal reports from the industry concerning this soft surface defect in Mozzarella cheese. Previous work in our laboratory determined that brine-salted Mozzarella cheese sometimes developed gradients of increasing moisture contents from the center to the surface of the block during storage for several weeks ( 5 1. This phenomenon is particularly noteworthy because the moisture pattern of brine-salted cheeses normally is the reverse, decreasing from the center t o surface ( 2 1. Most cheeses are brine-salted at ambient or moderately cool temperatures (e.g., 12 to 20°C), which results in the rapid loss of moisture from cheese to brine as salt diffuses into the cheese and in very low moisture at the cheese surface after brining. During aging, moisture is drawn os-motically from the low salt interior to the high salt surface, eventually elevating the moisture content at the surface to approximate parity with the rest of the cheese ( 2 ) .
We postulated ( 6 ) that the development of high moisture content at the surface of Mozzarella cheese was related to the practice of cold brining (using brines at 2 to 4"C), which is peculiar to Mozzarella and other pasta filata cheeses. Because Mozzarella is warm as it exits the stretcher-molder (e.g., 49°C internal temperature), brining is used for cooling as well as salting. Moisture loss during brining is dependent on brine temperature, and loss is greater as brine temperature increases ( 8 1. Consequently, less moisture is lost from Mozzarella cheese during cold brining, and moisture content at the cheese surface remains comparatively high. During aging, water is drawn osmotically toward the high salt surface, which may eventually result in a gradient of increasing moisture from center to surface (6 1. Thus, it appears 1996 J Dairy Sci 792278-2283 from the results of the previous study that brining conditions may be a factor in the development of soft, wet surface defect.
Recently, a major food processing company in the US that purchases low moisture, part-skim Mozzarella cheese in block form for use as a shredded ingredient reported a recurring problem at its shredding operation caused by cheeses with soft, wet surfaces. The defective cheeses originated from several different suppliers, suggesting that the problem was widespread. Typically, all of the blocks from an affected vat were defective, and frequently the defect was more severe at the ends of the block than at the middle. The recurring nature of the problem enabled us to establish a sampling plan to compare the composition of cheeses with soft, wet surfaces and poor shreddability with those of cheeses with firm, dry surfaces and satisfactory shreddability.
In a preliminary study, we determined the composite [mean) moisture contents of 10 cheeses with firm, dry surfaces and satisfactory shreddability and 10 cheeses with soft, wet surface defects and poor shreddability. Blocks with soft, wet surfaces had a mean composite moisture content of 51.23 k 2.01%, and blocks with firm, dry surfaces had a moisture content of 48.32 f 1.14%, which is significantly ( P < 0.05) different. However, higher composite moisture content did not completely account for the soft surface defect because some of the defective blocks were similar in moisture content to some of the firm, dry blocks. This result suggested that more detailed analyses of the moisture distribution within blocks were needed to elucidate the nature of the defect. Furthermore, the distribution of salt was also of interest because the previous study ( 5 , 6 ) implicated salt gradients as an osmotic driving force that may contribute to the development of elevated moisture at the cheese surface.
Therefore, the specific objective of the present study was to compare the distribution of salt and moisture within defective and defect-free cheeses to determine whether soft, wet surface defect is related to abnormal composition gradients within the cheese.
MATERIALS AND METHODS

Sample Collection
Cheese samples were provided by a major food processing company that purchases low moisture, part-skim Mozzarella cheese in block form from multiple suppliers for use as a shredded ingredient. Cheeses consisted of 9.1-kg rectangular blocks (ca. 95 x 180 x 480 mm) that were manufactured at different times over a 7-mo period. Cheeses were subjectively evaluated for surface characteristics (firm and dry vs. soft and wet) and shreddability (satisfactory vs. unsatisfactory) on the day of shredding (normally at 10 to 14 d after manufacture) by trained employees of the food processing company, using its standard evaluation scheme. Seven cheeses with soft, wet surfaces and poor shreddability plus 5 cheeses with firm, dry surfaces and satisfactory shreddability were selected for evaluation of salt and moisture distribution. The cheeses originated from five different cheese plants, and two of the plants produced both blocks with soft, wet surfaces and blocks with firm, dry surfaces. Manufacturing practices at the five plants are proprietary.
Each block (ca. 95 x 180 x 480 mm) selected for this study was cut into two equal portions that were approximately 95 x 180 x 240 mm. One-half of the block was vacuum-packaged and shipped the same day on ice via overnight express mail t o the University of Vermont for analysis. The other half was analyzed by the company for gross composition using the following methods: fat was determined by AOAC 926.08 ( 11, moisture by AOAC 936.43 ( 1 ), protein by AOAC 981.10 ( 1) with modifications to replace the mecury catalyst with titanium dioxide, and salt by AOAC 935.43 ( 11 with modifications to eliminate the filtration step. Measurements of pH were made with a glass electrode according to methods of Richardson (11) .
Distribution of Salt and Moisture
Upon arrival at the University of Vermont, each half-block was immediately sectioned according to the sampling plan shown in Figure 1 . Three concentric samples at different depths (i.e., surface, middle, and center) were taken within each of three 10-mm crosssectional slices obtained from the end of the block (i.e., 0 to 30 mm) and for three cross-sectional slices obtained midway L e . , 120 to 150 mm) between the end and the middle of the block. A total of 18 samples were obtained from each half-block. Each sample was finely ground in a blender and analyzed in duplicate for salt ( 7 ) and moisture (forced air at 100°C for 24 h ) contents. Some of the severely defective cheeses showed considerable accumulation of free moisture between the packaging film and the surface of the block. This free moisture was drained from the block, but no attempt was made to blot the surface completely dry.
Statistical Analysis
The two types of cheese were evaluated separately to determine the differences in salt and moisture contents. Effects of sample depth (surface, middle, and center) and block location (end and middle) on salt and moisture contents were evaluated using a 3 x 2 factorial description of treatments with a randomized block design. The general linear models procedure of SAS ( 1 2 1 was used to determine the statistical significance of differences in depth and location. The significance of interactions was also evaluated to determine whether depth effects were different at different locations. When the interaction of depth versus location was significant, effects of moisture, salt, or both, at different depths were analyzed separately at the two locations. A Type I error rate of 5% was used for the probability level to determine significance of all tests ( P < 0.05). Table 1 presents the gross composition of 7 blocks with soft, wet surfaces and 5 blocks with firm, dry surfaces that were evaluated for distributions of salt and moisture. Higher moisture contents were observed in blocks with soft, wet surfaces than in blocks with firm, dry surfaces (Table 11 , which was consistent with the results of the preliminary study.
RESULTS AND DISCUSSION
The least squares means for salt content at the three depths and two locations within the 5 blocks with firm, dry surfaces are shown in Figure 2A . As expected for brine-salted cheese, salt content differed significantly with depth (Table a) , showing a characteristic increase from the center to the surface (Figure 2A ). Also, location had a significant effect on salt content (Table 2) ; salt was higher at the ends of Journal of Dairy Science Vol. 79, No. 12, 1996 the block than at the middle (Figure 2A ). Higher salt at the block ends was expected because greater surface area at the ends would increase uptake of salt during brining. The interaction of location by depth was not significant ( Table 2) .
The least squares means for salt content a t the three depths and two locations within the 7 blocks with soft, wet surfaces are shown in Figure 2B . Again, salt content differed significantly with depth (Table 31 , showing a characteristic increase from the center to the surface ( Figure 2B ). Salt content was significantly higher at the ends of the block than at the middle ( Figure 2B ), and interaction of location by depth was not significant ( Table 3 ) . The distribution of salt was very similar in blocks with soft, wet surfaces ( Figure 2B ) and firm, dry surfaces ( Figure  2A ). The least squares means for moisture content within the blocks with firm, dry surfaces are shown in Figure 3A . Neither depth nor location had a significant effect on moisture content (Table 2) . However, examination of the raw data revealed that the end location (1 to 30 mm) contained much higher residual variation than the middle location (120 t o 150 mm), and the middle location (120 to 150 mm) showed a consistent pattern of decreasing moisture content from the center to the surface, which seemed to indicate a depth effect. Therefore, the middle and end locations were analyzed separately, each as a one-way ANOVA in randomized block format, to evaluate the effect of depth at each location. Results of the ANOVA for the middle location (Table 4) confirmed that moisture content differed significantly with depth; moisture was highest at the center and lowest at the surface ( Figure 3A ). This pattern indicates that these cheeses underwent some surface dehydration during brining and also suggests that the outward migration of moisture along the salt gradient ( Figure 2A) had not progressed to the extent that it reversed the moisture gradient, as occurred in the previous study (5, 6).
Moisture distribution in blocks with soft, wet surface defect differed substantially, as evidenced in Figure 3B . Moisture content was significantly affected by both depth and location (Table 3) ; moisture was higher at the surface than in the center and at the end than in the middle ( Figure 3B ). Moreover, there was a significant interaction of location by depth. In addition to having higher mean moisture content (Table 1 ) , defective cheeses also exhibited abnormal moisture distributions within blocks and had very high moisture contents at the surface and ends of the block.
Because defective and defect-free blocks had similar salt distribution ( Figure 21 , the migration of moisture along salt gradients cannot explain the striking difference in moisture distribution ( Figure   3 1. The manufacturing conditions that caused the abnormal distribution of moisture in defective cheeses have not been assessed experimentally. However, incomplete cooling of the cheese during brining, resulting in temperature differentials that persisted during storage, might be an important contributing factor. Reinbold et al. ( 9 , 10) showed that moisture within 290-kg blocks of Cheddar cheese migrated readily along thermal gradients from regions of higher to lower temperature as a result of uneven cooling. Such ing brining, which could favor an outward migration of moisture from the warm center toward the cool surface, as well as longitudinally toward the end of the block. If cooling is incomplete during brining, and if cross-sectional and longitudinal thermal gradients persist for several days or longer after brining, the continued migration of moisture could lead to abnormally high moisture contents at the surface and ends. The problem would be particularly severe in cheeses with higher overall moisture content. Finally, the high concentration of salt at the surface and ends of the block represents an additional osmotic driving force that, along with thermal gradients, would encourage the outward migration of moisture during aging.
In summary, our hypothesis is that the combined effects of a high overall cheese moisture content, limited moisture loss from the cheese surface during cold brining, and the migration of moisture along thermal gradients (caused by incomplete cooling during brining and subsequent storage) and osmotic gradients (caused by uneven salt distribution) favor the development of the soft, wet surface defect in Mozzarella cheese. The validity of these suppositions need to be tested by controlled brining studies before definitive conclusions can be drawn and before strategies can be developed for the prevention of the soft, wet surface defect.
